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Description 

[0001 ] This invention relates to an apparatus for imaging biological tissue employing both X-ray and ultrasound tech- 
nology to provide enhanced diagnostic capability, and enhanced X-ray imaging. In particular, the present invention pro- 
5 vides an apparatus f r augmenting conventional mammography equipment with an ultrasonic imaging syst m that 
provides geometrically registered X-ray and ultrasonic fields, and associated equipment which may be used to enhance 
imaging in conventional X-ray equipment. 

Background Qf the Invention 

10 

[0002] The use of X-ray technology for providing two-dimensional images of breast tissue for diagnosis of carcinoma 
or other abnormalities is well known. X-ray imaging has a number of limitations which are universally recognized by 
radiologists. In particular, X-ray imaging of breast tissue has the inherent limitation that a mammogram provides only a 
two-dimensional image of a three-dimensional object. Thus, although a potential area of concern may be indicated on 
is a mammogram, the elevation of the subject area within the breast may be uncertain, leading to a biopsy of broader 
scope than would otherwise be necessary. 

[0003] In addition to conventional mammograms, apparatus has been developed that employs ultrasound technology 
for breast tissue imaging. Ultrasound imaging devices display echoes received from a piezoelectric transducer as 
brightness levels proportional to the backscattered echo amplitude. The brightness levels are displayed at the appropri- 
20 ate echo range and transducer position or orientation, resulting in cross-sectional images of the object in a plane per- 
pendicular to the transducer emitting face. 

[0004] Previously known ultrasound equipment, in the form of dedicated ultrasound breast imaging apparatus, have 
met with limited acceptance by the medical community. For example, Brenden U.S. Patent 3,765,403 describes the use 
of ultrasound technology to provide direct and holographic imaging of breast tissue. That device requires the patient to 

25 lie prone on a patient supporting surface while her breast is immersed in a water-filled tank. Taenzer U.S. Patent 
4,434,799 describes an alternative device wherein the patient's breast is immobilized between an ultrasonic transducer 
and ultrasonic receiving transducer. Both of the systems described in those patents are dedicated ultrasound systems. 
[0005] In addition to dedicated apparatus, hand-held ultrasound devices have found application in performing free- 
hand examinations. Free-hand examination using a hand-held ultrasound transducer is described, for example, Men- 

30 delson, "Ultrasound Secures Place In Breast Ca Management", Diagnostic Imaging. April 1991 , pp. 120-129. A draw- 
back of such freehand examinations, when used to supplement mammography, is the inability to provide geometric 
registration between the mammogram and ultrasound images. This lack of registration may result in the freehand ultra- 
sound examination being directed at a different portion of the breast tissue than would otherwise have been indicated 
were geometric registration possible. 

35 [0006] For example, recent studies have shown that over 10% of the masses detected with free-hand ultrasound and 
initially believed to be the mammographically detected mass, were subsequently found to represent different areas of 
the breast. Because ultrasound can depict 2-3 times more cysts than mammography, the possibility of characterizing a 
malignant lesion as benign is real. 

[0007] In addition, the three dimensional shape of the lesions, as reported in Homer, "Imaging Features And Manage- 
40 ment Of Characteristically Benign And Probably Benign Lesions", Rad. Clin. N. Am.. 25:939-951 (1987) and the 
increased vascularity associated with carcinoma, as reported in Cosgrove et al.,"Color Doppler Signals From Breast 
Tumors", Radiology. 176:1 75-180 (1990), have been suggested to be added to the diagnostic criteria. Such volumetric 
spatial registration of the ultrasonic data with a mammogram cannot be accomplished with previously known ultrasound 
devices. 

45 [0008] While there is recognition within the medical community of the advantages offered by ultrasound technology, 
the construction of conventional mammography and sonography equipment has prevented combination of these two 
technologies. In particular, polycarbonates such as Lexan®. are typically used in mammography because of their ten- 
sile strength and transparency to X-ray. These materials are acoustically opaque. 

[0009] On the other hand, the compression plates used in the conventional breast ultrasound devices, for example, 
so Brenden U.S. Patent 3,765,403, are composed of materials such as polystyrene or polyurethane, which have insuffi- 
cient tensile strength for use in mammography equipment. 

[0010] Because of their high densities, all of the materials potentially useful for the compression plates in mammog- 
raphy equipment have relatively high attenuation and reflection coefficients (table 1 , below). These characteristics limit 
the use of ultrasound to low frequencies (3MHz or below as described in Taenzer U.S. Patent 4,434,799) and shallow 
55 depths. At 1 0MHz and a 0.5 to 1 cm round trip path through a typical compression plate, the attenuation with most pol- 
ymers would be 20-50 dB. 

[001 1 ] For any interface thicker than a quarter wavelength (several hundred microns, depending on the nominal fre- 
quency and acoustic velocity within the material) transmission loss must also be taken into account (which could 
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exceed 50 dB). In addition, the impedance mismatch between the biological tissues, the compression plat and th 
transducer results in at least a 6 dB loss at each interface, or an additional total loss of 24 dB round trip. Since the total 
dynamic range is no greater than 1 00 dB for a typical ultrasound system, ultrasound imaging through previously known 
mammographic compression plates would be impossible. 
5 [0012] In addition, since the acoustic propagation within th compressi n plate is substantially diff rent than water or 
the coupling gel, refraction effects on each of the emitted waves from the elements of a phased array, would severely 
corrupt the beam forming process that assumes a constant velocity of 1540 m/sec. 



TABLE 1 



Material 


Attenuation Coefficient 
(dB/MHz/cm) 


Impedance (Pa s/m) 


Polyvinylchloride 


11.1 


3.4 


Polybutane 


5.1 


3.2 


Polyacetyl, Polyethylene, Polypropylene 


2.5-3.3 


2.2 


Polyamid (Nylon) 


1.1 


2.9 


Polystyrene 


1 


2.5 


Water 


0.02 


1.5 



[0013] The lower frequencies used in the previously known ultrasonic devices would be inadequate for the diagnostic 
25 applications, which currently require 7-1 0MHz transducers, yet this higher frequency requirement would increase the 
transmission loss by at least threefold (in dB). While it is possible to generate larger pulses in the transducer in the water 
bath approach, the low electro-mechanical efficiency results in heat generation. Placing the transducer directly upon 
the compression plate, and as a result in close proximity to the biological tissue, would require even higher energy 
pulses from each element. The resulting heat generation would cause damage and should be avoided. 
30 [0014] Conway, "Occult Breast Masses: Use Of A Mammographic Localizing Grid For US Evaluation", Radiology. 
181:143-146 (1991) and Brem and Gatewood.'Template Guided Breast Ultrasound", Radiology. 184:872-874 (1992). 
describe attempts to achieve spatial registration between a mammogram and an ultrasound image by cutting a hole in 
the compression plate of the mammography device to insert an ultrasound transducer. In Conway et al , a cut-open 
compression plate with a localization grid was used to allow acoustic transmission. Using the identical ultrasound 
35 device, the ultrasound study was performed in free-hand and through the localizing grid. Several additional X-ray expo- 
sures were needed to detect the lesion, replace the compression plate with the cut-out grid compression plate, then 
place the cut-out over the coordinates of the lesion. The grid positioned ultrasound detected 24% more lesions than 
free-hand. Ten percent were misidentified using free-hand ultrasound. None of the lesions were misidentif ied with the 
grid-guided compression. 

40 [001 5] The approach described in the foregoing articles has several practical drawbacks. For example, in Conway the 
patient's breast is marked with an indelible pen to assist the mammographer in repositioning the patient's breast on the 
localization grid after the compression plate is replaced by the cut-open compression plate used with the ultrasound 
transducer. As noted in that article, even the use of indelible markings on the patients skin does not absolutely guard 
against movement of the underlying breast tissue. In addition, the mammographer had to be present during the exam 

45 to ensure correct positioning, and the procedure length was significantly increased. 

[001 6] A cut-open compression plate with a localization grid suffers from the problem that the ultrasonic field is inter- 
rupted by the shadow of the compression plate, in all regions but the cut-out hole, thereby requiring prior knowledge of 
the interrogated lesion. As a result, in order to obtain a complete ultrasonic diagnostic image of the desired region of 
interest, it would be necessary to carry out a complex and burdensome manipulation of the mammographic compres- 

50 sion procedure, and expose the patient to additional ionizing radiation. 

[0017] WO 83/02053 describes apparatus for generating echograms of breast tissue with an ultrasonic transducer, 
and includes an ultrasonically transparent plate against which the breast tissue is compressed. The reference suggests 
that the echograms resulting from ultrasonic examination may be used to complement X-ray images. The X-ray images 
are generated by replacing the ultrasonically transparent plate with a film on a suitable support. This substitution of the 

55 film and support plate for the ultrasonically transparent plate necessarily requires movement of the breast tissue 
between the steps of performing the ultrasonic examination and creating the X-ray image, thereby creating a degree of 
misregistration of the internal structures of the breast tissue betw en the two images. 

[001 8] In addition to the foregoing, compr ssion plat s used in conventional X-ray mammography typically compress 
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most of the breast mass to a uniform thickness. The amount of X-ray exposure needed for imaging is then determined 
by the uniform thickness of the tissue betw en the plates. The nippl region and the outer edges of the breast under 
compression have thicknesses that vary widely from the uniform thickness. Thus, the amount of radiation required to 
properly expose the tissue f uniform thickness causes the nipple region and uter edges of the br ast to b highly 
5 overexposed. To obtain an acceptable image of the outer edges and nipple region of the breast, it is typical for the radi- 
ologist to perform a second, lower dose, X-ray exposure. 

[001 9] Yet another drawback associated with previously known compression plates is the patient discomfort resulting 
from the force applied to the breast tissue to compress the tissue to a uniform thickness. 

[0020] In view of the drawbacks of previously known breast imaging apparatus and methods, it would be desirable to 
10 provide an apparatus for providing geometrically registered X-ray and ultrasound images of breast tissue. 

[0021 ] It would further be desirable to provide a compression plate that is both radiolucent and sonolucent, so that 
both a mammogram and ultrasound images of a patient's breast tissue may be obtained without moving the breast 
between the X-ray exposure and ultrasound imaging. 

[0022] It also would be desirable to provide an apparatus for moving an ultrasound transducer through a predeter- 
15 mined path to generate a plurality of ultrasound images of breast tissue at preselected intervals. 

[0023] It would also be desirable to provide an apparatus for maintaining a lubricating and acoustically coupling fluid 
film between an ultrasound transducer and a compression plate to minimize attenuation and reflection of acoustic 
energy. 

[0024] It would be still further desirable to provide an apparatus capable of correlating geometrically registered X-ray 
20 and ultrasound images to provide holographic views of a patient's breast tissue. 

[0025] It would further be desirable to provide an apparatus for use with conventional mammography equipment which 
would enhance imaging of the nipple region and outer edges of the breast so that a high quality image could be 
obtained with a single X-ray exposure. 

[0026] It would further be desirable to provide apparatus for use in conventional mammography equipment which 
25 would reduce patient discomfort caused when compressing the patient's tissue to a uniform thickness. 

Summary of the Invention 

[0027] In view of the foregoing, it is an object of the present invention to provide an apparatus for providing geomet- 

so rically registered X-ray and ultrasound images of breast tissue. 

[0028] It is another object of the invention to provide a compression plate for use in combination mammography/urtra- 
sound (hereinafter "sonomammography") apparatus that is both radiolucent and sonolucent, so that both a mammo- 
gram and ultrasound images of a patient's breast tissue may be obtained without moving the breast between the X-ray 
exposure and ultrasound imaging. 

35 [0029] It is a further object of the present invention to provide an apparatus for contacting an ultrasound transducer 
to a compression plate for providing ultrasound images of breast tissue at preselected intervals. 
[0030] It is a further object of the present invention to provide an apparatus for maintaining a lubricating and coupling 
film between an ultrasonic transducer and a compression plate. 

[0031] It is a further object of the invention to provide radiolucent ultrasound transducer apparatus for use in son- 
40 omammography apparatus, to provide a plurality of ultrasound images of breast tissue that are in geometric registration 
with a mammogram obtained by the equipment. 

[0032] It is a further object of the invention to provide an apparatus for digitally manipulating ultrasound images of 
breast tissue, both individually and in conjunction with mammographic views, to isolate and diagnose potential tissue 
abnormalities. 

45 [0033] It is a still further object of the invention to provide an apparatus capable of correlating geometrically registered 
X-ray and ultrasound images to provide holographic views of a patient's breast tissue. 

[0034] It is a still further object of the present invention to provide an apparatus for use with conventional mammog- 
raphy equipment that enhances imaging of the nipple region and outer edges of the breast to provide a high quality 
image using a single X-ray exposure. 

so [0035] It is yet another object of the present invention to provide apparatus for use in conventional mammography 
equipment that reduces patient discomfort caused when compressing the patient's tissue to a uniform thickness. 
[0036] Accordingly, the present invention, in its broadest form, provides an apparatus for generating a plurality of ultra- 
sound images of a biological tissue in combination with an X-Ray system, as defined in claim 1. 
[0037] The above mentioned objects of the invention are accomplished in accordance with the principles of a first 

55 embodiment of the invention by providing a radiolucent and sonolucent compression plate that enables sonography 
apparatus to be combined with conventional mammography equipment. Either before or after the X-ray exposure, a car- 
riage mounted ultrasound transducer is translated in increments across the compression plate to generate a plurality of 
sectional views of the breast tissue. The X-ray and ultrasound images produced by the sonomammography apparatus 



4 



EP 0 730 431 B1 



of the pres nt invention are therefore in geometric r gistration. Those images may in turn be processed by a conven- 
tional microprocessor-based workstation to provide holographic views of the internal features of a patient's breast. 
[0038] The compression plate in accordance with the present invention may include a gel pad for acoustically coupling 
the outer edges of the breast and nipple region with the transducer. This gel pad may also be advantageously individ- 
ually used in conjunction with conventional X-ray mammography equipment to provide enhanced X-ray imaging by 
attenuating the incident X-ray radiation proportionally to the tissue thickness being imaged and by reducing the scatter- 
ing of the X-ray radiation. The gel pad of the present invention also advantageously enhances breast positioning and 
reduces patient discomfort relative to conventional compression plates. 

[0039] In a second embodiment of the present invention, a radiolucent ultrasound transducer is provided which is 
adapted to conventional mammography equipment. The transducer of the present invention, which may be a phased 
array, serves as both the sending and receiving ultrasound transducer, and is positioned beneath the diffraction grid typ- 
ically found in mammography equipment for reducing exposure of the X-ray film by scattered radiation. The diffraction 
grid is modified to function as the component of the acoustic circuit in this embodiment. 

[0040] In yet a third embodiment of the present invention, an ultrasound transducer is mounted on a movable carriage 
positioned between the compression plate and the diffraction grid of conventional mammography equipment. For this 
embodiment, neither the sonolucent compression plate of the first embodiment, nor the radiolucent ultrasound trans- 
ducer of the second embodiment, is required. 

[0041 ] The present invention may be used in methods of imaging a patient's breast tissue using mammography and 
sonography equipment to provide geometrically registered images. The methods in which the present invention may be 
used may further include processing of those images using a conventional microprocessor based workstation to permit 
image-guided biopsy of the patient' tissue. Alternatively, the medical practitioner can perform detailed review of the 
processed and stored images in an off-line setting. 

[0042] The present invention may further be used in methods of manipulating ultrasound images, either individually 
or in conjunction with mammographic views, to assist the practitioner in identifying and diagnosing potential tissue 
abnormalities. For example, applicants have discovered that tissue abnormalities are less compressible than healthy 
tissue. Consequently, applicants have discovered that by performing multiple ultrasound scans of a tissue mass under 
different compressive loads and then digitally subtracting the images, the tissue abnormalities can be readily detected. 

Brief Description of the Drawings 

[0043] Further features of the invention, its nature and various advantages will be more apparent from the accompa- 
nying drawings and the following detailed description of the preferred embodiments, in which: 

FIG. 1 is a perspective view of a first embodiment of the sonomammography apparatus of the present invention; 
FIG. 2 is a partial elevation side view of the sonomammography apparatus of FIG. 1 ; 

FIGS. 3A and 3B are, respectively, a side view of a breast compressed in conventional mammography apparatus 
and an X-ray image obtained with such apparatus; 

FIGS. 4A and 4B are, respectively, a side view of a breast compressed in mammographic apparatus including the 
gel pad and an X-ray image obtained with such apparatus; 

FIG. 5 is a detailed perspective view of one embodiment of a compression plate in accordance with the present 
invention; 

FIGS. 6A and 6B are, respectively, a perspective view of an illustrative ultrasonic transducer lubricating/coupling 
device of the invention and a cross-sectional view of the device of FIG. 6A taken along view line 6B--6B; 
FIG. 7 is a schematic view of an illustrative embodiment of the drive means employed in the sonomammography 
apparatus of FIG. 1 ; 

FIG. 8 is a perspective view of a workstation and digitizing tablet adapted for use with the present invention; 
FIG. 9 is a perspective view of an alternative embodiment of the sonomammography apparatus of the present 
invention; 

FIG. 1 0 is a cross-sectional view taken along view line 10-10 of FIG. 9; 

FIG. 11 is a perspective view of the diffraction grid and ultrasonic transducer apparatus of the present invention; 
FIG. 12 is a cross-sectional view of another alternative embodiment of the present invention; 
FIG. 13 is a block diagram of the elements of an ultrasonic imaging system in accordance with the present inven- 
tion; 

FIG. 14 is a perspective view of the ultrasonic images and X-ray image generated with the apparatus of FIG. 1 in 
accordance with the methods of the present invention. 
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Detailed Description of the Invention 

[0044] Referring to FIGS. 1 and 2, a first illustrative embodiment of s nomammography apparatus 1 0 constructed in 
accordance with the present invention is described. Sonomammography apparatus 10 comprises base 1 1 , vertical col- 
5 umn 1 2, X-ray tube 1 3 suspended from arm 1 4, compression plate 1 5, ultrasound transducer 1 6 supported from gantry 
17, gantry support 18, diffraction grid 19, film holder 20 and biopsy needle guide 21. 

[0045] The mammography components of sonomammography apparatus 1 0, that is, base 1 1 , column 1 2, X-ray tube 
1 3, arm 1 4, diffraction grid 1 9 and film holder 20 may include the features hereinafter described, but otherwise may be 
conventional. As in previously known mammography equipment the vertical elevation of arm 14 in column 12 may be 

io selectively and movably determined either manually or using a motorized arrangement which is per se known. X-ray film 
22 is disposed beneath diffraction grid 19 in film holder 20 through a door in the end face of the film holder. 
[0046] While the illustrative embodiments provided herein refer to mammography equipment that generates X-ray 
films, it wilt of course be understood by one familiar with radiology that digital (f ilmless) X-ray systems or digitized X-ray 
film could be employed as well. H is sufficient for purposes of practicing the present invention that X-ray radiation emit- 

15 ted from an X-ray source pass through biological tissue and form an image in a receptor, whether an X-ray film or a dig- 
ital X-ray receptor. Commercially available mammography equipment that may be augmented in accordance with the 
present invention includes, for example, the Contour system by Bennett X-Ray Technologies. Inc., Copiague, New York, 
the AVIVA system available from Kramex. Saddle Brook, New Jersey, and the LORAD DSM system, available from 
Lorad, Danbury Connecticut. 

20 [0047] In addition to the above-described components of sonomammography apparatus 1 0 that are common to pre- 
viously known mammography systems, the apparatus of the present invention includes compression plate 1 5 and ultra- 
sonic transducer 16 movably supported on gantry 17. As shown in FIGS. 1 and 2, compression plate 15 includes gel 
pad 23 disposed from the underside of the compression plate, for example, by polyethylene bag 24. Compression plate 
15 may include fenestrations (not shown) for conducting biopsies of the patient's tissue. Alternatively, depending upon 

25 the composition of the gel pad, gel pad 23 may be used without polyethylene bag 24 and may include a tacky or adher- 
ent surface to assist in positioning the breast. 

[0048] Gel pad 23 contacts the frontal area of the patient's breast, i.e., the nipple area, to ensure proper transmission 
of acoustic waves from transducer 16 to the distal-most portion of breast tissue 100 with a minimum of impedance mis- 
match. As seen in FIGS. 1 and 2, gel pad 23 conforms to the distal-most portion of the breast to minimize impedance 

so mismatch and acoustic reflectance at the gel pad/breast interface. Accordingly, gel pad may comprise an agar gelatin 
and water composition or other suitable rheostatic material, for example, the gelatinous elastomeric compositions 
described in U.S. Patent Nos. 4,369,284, 4,618,213 and 5,262,468. For sanitary purposes, gel pad 23 (and polyethyl- 
ene bag 24, if used) may be disposable, and therefore removably attached to compression plate 15. 
[0049] Referring now to FIGS. 3 and 4, another advantage of the gel pad used with the present invention, when used 

35 in conjunction with a conventional mammography system, is described. Referring to FIG. 3A, a portion of a previously 
known X-ray mammography system compresses breast 104 between standard compression plate 91 and bottom plate 
92 to a uniform thickness 105. As is per se known, the X-ray exposure is set to provide proper exposure of thickness 
105. By properly exposing the uniform thickness, however, the outer edges of breast 104, including the nipple region, 
are typically overexposed, as reflected at region 106 in illustrative X-ray image 93. To compensate for this effect, it is 

40 typical for a radiologist to take a second exposure of breast 1 04 at a lower X-ray dosage, thus providing an X-ray image 
wherein the outer edges of the breast are properly exposed, but the uniform thickness 1 05 is then underexposed. 
[0050] Referring now to FIGS. 4A and 4B, an important advantage of the present invention is illustrated. Applicants 
have determined that gel pad 23 not only provides acoustic coupling when used in a sonomammographic system as 
described hereinbelow, but that gel pad 23 provides an X-ray attenuation ability as well. In FIG 4A, the portion of the 

45 system of FIG. 3A is shown, but also including gel pad 23. Gel pad 23 conforms or adjusts itself to those thinner parts 
of the breast at the outer edges where standard radiation doses cause over-exposure. 

[0051] When gel pad 23 is constructed of a material having an X-ray attenuation close to that of human tissue, the 
gel pad attenuates X-rays as if it were part of the uniform thickness of breast tissue. As shown in FIG 4B, the outer 
edges of the breast, including the nipple region, in the resulting X-ray image 94 are no longer over-exposed. Gel pad 
so 23 can therefore be used to enhance conventional mammography equipment by enabling the radiologist to obtain an 
X-ray image having properly exposed detail at the peripheral edges of the subject anatomy with an overall reduction in 
X-ray dosage to the patient. 

[0052] In addition, because gel pad 23 conforms to the shape of the patient's tissue, it distributes the force applied by 
compression plate 15 over a larger surface area, thus reducing the compressive stress applied to the tissue and reduc- 
55 ing patient discomfort. Moreover, if gel pad 23 includes a slightly tacky or adherent surface, it will better grip the patient's 
tissue and reduce difficulties in positioning the tissue. 

[0053] Referring again to FIGS. 1, 2 and 5, in the first embodiment of the present invention, compression plat 15 
comprises a high performance acoustically transparent ("sonolucent") and X-ray transparent ("radiolucent") film which 
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is sufficiently rigid to s rve as a compression plate at a thickness of about 25 micron (1 mil). In particular, it is preferred 
that compression plate 15 have sufficient rigidity so that the local slope of the plate, under load, does not exceed on 
degree from the horizontal within the scan area. For further rigidity, compression plate 15 may include metal reinforcing 
bars 96 along its lateral end faces. 
s [0054] Kapton® manufactured by E.I. Du Pont de Nemours and Company, Wilmington, Delaware, is a suitable mate- 
rial for practicing the present invention, as it provides both the needed sonolucent/radiolucent qualities as well as the 
needed rigidity to provide satisfactorily as a compression plate. In particular, a 1 mil (25 micron) thickness of Kapton®, 
when used as a compression plate, is expected to cause less than 3 dB transmission loss in acoustic energy, while pro- 
viding a tensile strength equivalent to that of a 2 mm thick polycarbonate plate. In addition, Kapton® is unaffected by 
io exposure to X-ray radiation. 

[0055] Other materials suitable for use in making a radiolucent and sonolucent compression plate include Surlyn® 
ionomers, such as Surlyn® 8940, available from E.I. Du Pont de Nemours and Company, Wilmington, Delaware, and 
polymethyl pentenes, such as TPX® MX-002 and MX-004, available from Mitsui & Co., Tokyo, Japan. Plates of these 
materials approximately 6.4 mm (0.25 inch) thick are expected to be sufficiently rigid to meet the above-defined def lee- 
rs tion criterion if properly supported by a stiffening frame around their periphery. In FIG. 5 compression plate 1 5 is shown 
comprising a 6.4 mm (0.25 inch) thick sheet of TPX® 95 fastened to a metal frame 96. Three sides of the TPX® sheet 
95 are fastened to the metal frame 96 by suitable fasteners, such as staggered screws 97. and the fourth side is bonded 
into a groove 98 in the frame 96. Of the two materials, the polymethyl pentenes, and TPX® in particular, are preferred 
due to their lower acoustic attenuation and impedance and higher strength. A sheet made of a Surlyn® ionomer can 
20 also be used in a similar fashion although it is softer and the acoustic losses are approximately double that of TPX®. 
[0056] Referring now to FIGS. 6A and 6B. ultrasonic transducer 1 6 may comprise a single piston, annular or phased 
array imaging device of conventional design. Such array devices may permit beam-focussing of ultrasonic energy to 
provide high resolution images of the internal structures of a patient's tissue. Ultrasound transducer 16 combines both 
transmit and receive functions that are switched, respectively, between transmitting and receiving operational modes at 
25 selected times by control circuitry. 

[0057] Because the internal structure and operation of ultrasonic apparatus is per se known, the specific internal con- 
figuration of that apparatus forms no part of the present invention. Transducer 1 6 preferably operates in a range of about 
2 to 15 MHz. More preferably, the signal produced by the transducer in the transmit mode is a 10 MHz burst having a 
100% bandwidth. To improve the transfer of acoustic energy, transducer 16 may in addition be acoustically coupled to 
30 the upper surface of compression plate 15 using an appropriate coupling agent such as, for example, glycerol, or an 
additional thin gel pad disposed atop compression plate 15 (omitted for clarity from FIG. 1). 

[0058] With respect to the illustrative embodiment of transducer 16 shown in FIGS. 6A and 6B, apparatus for applying 
a lubricating/coupling agent between ultrasonic transducer 16 and compression plate 15 is described. Transducer 16 is 
surrounded by a skirt or cover 1 10 that includes a spacer 1 1 1 formed along its lower edge. Spacer 1 1 1 lifts the contact 

35 surface of transducer 16 about 0.06 mm (2.5 mils) above the surface of compression plate 15, and is shaped to optimize 
lubrication and acoustic coupling. A sponge-like material 1 12 dampened with a suitable lubricating/coupling fluid, for 
example, a water-based solution of surfactant and detergent, is disposed around the transducer 16 such that the 
sponge-like material 112 and the spacer 111 are in contact with compression plate 15 at substantially the same time. 
Thus, as the transducer assembly moves along the surface of compression plate 15 a thin film 1 13 of the lubricat- 

40 ing/coupling fluid is deposited on the plate. Cover 1 1 0 also permits the transducer assembly to be handled without con- 
tacting material 112. 

[0059] Referring again to FIGS. 1 and 2, gantry support 18 is vertically positioned along column 12 using a motorized 
or manually adjustable mechanism. Gantry support 1 8 includes arms 18' disposed above the lateral edges of compres- 
sion plate 1 5. Gantry support 1 8 movably supports gantry 1 7 for movement in distal and proximal directions "A" and "B", 

45 using a motorized track or cable arrangement 25. Gantry support 1 8 moves gantry 1 7 in precise increments in the distal 
and proximal directions. During X-ray exposure of the patient's tissue, gantry 17 is moved to a distal-most position in 
direction "A" so that it does not interfere with the mammogram exposure. Alternatively, gantry 1 7 and gantry support 1 8 
may be hinged to swing away from the compression plate, thus providing clear access for an X-ray exposure. 
[0060] Gantry 1 7 (shown by dotted lines in FIG. 7) in turn comprises carriage 26 that supports ultrasonic transducer 

so 1 6. Gantry 1 7 includes its own motorized drive means 27 for moving carriage 26 laterally in directions "C" and "D". 
[0061] Illustrative embodiments of drive means 25 and 27 are described with respect to FIG. 7. Drive means 25 of 
gantry support arm 18 may comprise cables 30 that extend through arms 18' of gantry support 18. Cables 30 are cap- 
tured on pulleys 31 and drive wheels 32 to form upper and lower flights 30A and 30B, respectively. Drive wheels 32 are 
synchronously driven by motor 33. Gantry 1 7 is fixedly connected to the upper flights of cables 30 at points 34, so that 

55 when the upper flights of cables 30 move in directions "A" and "B", gantry 1 7 translates in the corresponding direction. 
Motor 33 is of a type that enables exact positioning of gantry 1 7, for example, so that the gantry 1 7 can be moved in the 
proximal and distal directions in precise increments, such as 1 to 10 mm. 

[0062] Still referring to FIG. 7, gantry 17 includes its own cable arrangement 27 for precisely positioning carriage 26 
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and transducer 16. In particular, in the illustrative embodiment shewn, cable 35 runs on drive wheel 36 and pulley 37 to 
form upper and lower flights 35A and 35B, respectively. Carriage 26 is fixed to lower flight 35B of cable 35 at point 35' 
so that carriage 26 moves in directions "C" and "D" in response to movement of lower flight 35B. Motor 38, which is sup- 
ported on gantry 17. enables precise control of carriage 26 and thus transducer 16. 
s [0063] Alternatively, a toothed belt and gear arrangement may be substituted for the cables, pulleys and drive wheels 
of the above-described illustrative embodiment. As further alternatives, drive means 25 and 27 may employ, for exam- 
ple, a conventional motorized track, a threaded block carried on a threaded drive rod controlled by an encoder and step- 
per motor, or any other suitable means. 

[0064] It is to be understood that appropriately programmed control circuitry is provided for use with any of the fore- 
w going drive means 25 and 27 so that the drive means pauses at predetermined locations during transit for a period suf- 
ficient to obtain an ultrasound image of the breast tissue at that location. In addition, gantry 17 and gantry support 13 
may provide release mechanisms that enable transducer 16 to be manually positioned by the operator. 
[0065] As shown in FIG. 2, arm 18' of gantry support 18 includes slot 39, through which an extension of gantry 1 7 
projects to engage biopsy needle guide 21. Thus, as gantry 17 moves in distal and proximal directions "A" and "B", 
is biopsy needle guide 21 remains in alignment with ultrasonic transducer 16. Biopsy needle guide 21 includes a needle 
support element 40 having an aperture through which a biopsy needle may be inserted to perform an ultrasound image- 
guided biopsy of the patient's tissue. Needle support element 40 may be positioned at any desired position by the med- 
ical practitioner and then engaged with biopsy needle support 21 for performing image-guided biopsy. 
[0066] Lateral alignment of the biopsy needle in accordance with this aspect of the present invention provides impor- 
20 tant psychological benefits to the patient. Since the biopsy needle is laterally inserted into the patient's breast, rather 
than through the upper surface, it produces no scarring on the upper surface of the breast. Accordingly, the patient will 
not be discouraged from wearing clothing (e.g., an evening gown) which exposes the upper surface of the breasts, due 
to concern that unsightly scar tissue from a biopsy puncture will be visible. 

[0067] Ultrasound transducer 1 6 generates an image corresponding to the internal structure of the tissue located in 
as the plane perpendicular to transducer at each of the locations where carriage 26 stops during its transit across com- 
pression plate 15. The images or frames generated at each of these locations are stored on a microprocessor based 
workstation 41 . such as shown in FIG. 8, for later postprocessing and manipulation. 

[0068] Referring now to FIG. 8, for an embodiment of the present invention for use with conventional mammography 
apparatus that generates an X-ray film, an X-ray film 42 is positioned on digitizing tablet 43 so that index marks 44 and 
30 44' on the X-ray film coincide with positioning marks on digitizing tablet 43. Digitizing tablet 43 includes pen 45 and is 
connected to workstation 41 having monitor 46. Workstation 41 includes suitable software for interpreting movement of 
pen 45 with respect to digitizing tablet 43. 

[0069] When X-ray film 42 is aligned on digitizing pad 43, pen 45 of the digitizing tablet enables the medical practi • 
tioner to display on monitor 46 the orthogonal ultrasound image corresponding to a location on X-ray film 42 by touching 

35 pen 45 to digitizing tablet 43. Thus, the position of the contact of pen 45 to digitizing tablet 43 automatically brings up 
the corresponding orthogonal ultrasound frame at that location, providing the medical practitioner with a holographic, 
i.e, three-dimensional, view of the internal structure of the tissue. Moreover, the precise geometric registration of the 
ultrasound image frames and the X-ray film provided by the present invention enables the medical practitioner to manip- 
ulate the ultrasound images, to perform, for example, digital subtraction, thereby enhancing breast lesion detection 

w capability. 

[0070] The PowerPC® commercially available from Apple Computer, Cupertino, California, provides a suitable work- 
station for use as described above, while the HiSketch series of digitizing tablets, available from Kye International Corp. , 
Ontario, California, provide suitable digitizing tablets for use in conjunction with the sonomammography apparatus of 
the present invention. Alternatively, a conventional X-ray film could be digitized using a scanner, or a conventional video 
45 camera. 

[0071] Referring now to FIGS. 9-1 1 , an alternative embodiment of a sonomammography apparatus 50 constructed in 
accordance with the principles of the present invention is described. Sonomammography apparatus 50 includes base 
51 , upright vertical column 52, X-ray tube 53 supported on vertical movable arm 54, compression plate 55. diffraction 
grid 56, ultrasound transducer 57 and film holder 58. Components 50-54 may constitute the elements of a conventional 
so mammography system as described hereinabove. X-ray sensitive film 59 is disposed in film holder 58 beneath ultra- 
sound transducer 57. 

[0072] Sonomammography apparatus 50 differs from apparatus 10 described hereinabove principally in that the 
sonolucent compression plate 15, transducer 16, gantry 17 and gantry support 18 are replaced by modified diffraction 
grid 56 and ultrasound transducer 57. Compression plate 55 may be fenestrated to enable the medical practitioner to 
55 perform ultrasound-image guided biopsies. 

[0073] Referring now to FIG. 1 1 , diffraction grid 56 comprises an array of an X-ray absorptive material 61 , such as 
lead, having its interspaces filled with a non-absorptive material 62, such as aluminum or an organic material. This 
arrangement, which is conventional for mammography systems, permits those X-rays which are perpendicular to the 
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plane of diffraction grid 56 to pass through interspaces 62. while the array of lead lines 61 absorbs most of the diffuse 
radiation caused by scattering of the X-rays as they pass through th patient's tissue 101. Diffraction grid 56 differs from 
previously known devices, in that the lower surfaces of interspaces 62 extend below the lower surfaces of lead lines 61 
by about 1 mm. The spaces between the extended interspaces thereby create air pockets that serve as an acoustic 

5 absorber between ultras nic transducer 57 and lead lines 61 . 

[0074] Ultrasonic transducer 57 serves the same purpose as ultrasound transducer 1 6 of the embodiment of FIGS. 
1-7, namely, to alternatively send and receive acoustic energy. Ultrasonic transducer 57 comprises a two-dimensional 
array of piezoelectric linear or phased arrays 63 spaced in parallel relation. Arrays 63 may have their axes aligned 
orthogonally with the lead lines of diffraction grid 56, as shown in FIG. 11, or may have their axes aligned with inter- 

w spaces 62. Each of the arrays 63 comprises a multiplicity of ultrasonic transducers elements 63" that can be individually 
and sequentially activated. Spacing 64 between arrays 63, which may be for example 1 cm, determines the spacing 
between adjoining frames of the ultrasound images provided by transducer 57. This resolution, as well as elevational 
focussing, can be improved by providing suitable circuitry for focussing the acoustic energy emitted by multiple ultra- 
sonic transducer elements 63', i.e., by activating elements in adjacent rows. 

15 [0075] Each of ultrasonic transducer elements 63' is connected to an ultrasound controller circuit, described herein- 
after, by a series of connecting wires (not shown in FIG. 11). The connecting wires are routed across the two-dimen- 
sional array so that they coincide with the rows of X-ray absorptive material in diffraction grid 56. By so arranging the 
connecting wires to ultrasonic transducer elements 63', the connecting wires will not create images on the X-ray film 
during exposure of that film. 

20 [0076] Upper surfaces 65 of ultrasonic transducer elements 63' are acoustically coupled to interspaces 61 of diffrac- 
tion grid 56 using a suitable coupling agent, for example, glycerol. Acoustic energy emitted by ultrasonic transducer ele- 
ments 63' is transmitted through the interspaces of diffraction grid 56 and into tissue disposed between upper 
compression plate 55 and diffraction grid 56. A gel pad, such as that described above with respect to the embodiment 
of FIGS. 1 -7 may be used in conjunction with compression plate 55 and diffraction grid 56 to reduce the acoustic imped- 

25 ance mismatch at the interface between the diffraction grid and the distal-most portion of the patient's breast tissue 101. 
[0077] Referring still to FIG. 1 1 , arrays 62 comprise a series of layers including a piezoelectric material, such as copol- 
ymers of vinylidene fluoride (VDF) and trifluoroethylene (TrFE), for example, available from Toray Industries, Kamakura, 
Japan. Use of such materials to form ultrasonic transducers is described in Ohigashi et al.. "Piezoelectric and Ferroe- 
lectric Properties of P(VDF-TrFE) Copolymers And Their Application To Ultrasonic Transducers", page 189 et seq., in 

so MEDICAL APPLICATIONS OF PIEZOELECTRIC POLYMERS (Galettj et al. editors). Gordon and Breach Science Pub- 
lishers S.A. (1 988), which is incorporated herein by reference. The inventors have determined that a layer of gold plated 
copolymer material of about 25 microns (1 mil) is practically transparent to X-ray (and ultrasound), the change in the 
received signal when the copolymer film is inserted between the X-ray source and the film being less than 1 dB. 
[0078] As shown in FIG. 11, arrays 62 may form a phased array. An example of a integrated-silicon VDF-TrFE acoustic 

35 transducer array demonstrated tor use in diagnostic imaging is described in Ohigashi et al. above. Such arrays exhibit 
a low degree of array element cross-coupling, may be easily fabricated in high density, and provide excellent acoustic 
impedance matching to biological tissue. 

[0079] Still referring to FIG. 1 1 , ultrasonic transducer 57 comprises thin metal backing plate 66 covered by piezoelec- 
tric film 67 of a suitable material described hereinabove, for example, a copolymer of VDF and TrFE. Piezoelectric film 
40 67 is in turn covered by electrode element 68. and carries on its upper surface an inactive polymer layer 69. Connecting 
wires (not shown) are routed to the respective electrode elements of each of the ultrasonic transducer elements 63' so 
as to coincide with the lines of X-ray absorptive material in diffraction grid 56. Inactive polymer layer 69 is acoustically 
coupled to the lower ends of the interspace material of the diffraction grid using a suitable coupling agent as described 
hereinabove. 

45 [0080] It will be recognized by one skilled in the art of ultrasonic transducer design that ultrasonic transducer elements 
63' of ultrasonic transducer 57 can be fabricated to operate at a predetermined frequency by the selection of the thick- 
nesses of components 66-69. Furthermore, it will be recognized that because the acoustic signals received by the 
arrays during receiver operation may include a strong reflection from the lower surface of the X-ray absorptive grid of 
diffraction grid 56 (i.e., very strong impedance mismatch), it may be necessary to filter the echo signals to eliminate this 

so artifact. For example, echo signals obtained using a water path may be stored in the filtering circuitry and then sub- 
tracted from the echoes received by the ultrasonic transducer during actual operation. 

[0081] In addition, it will be understood that by employing suitable circuitry for controlling activation of the ultrasonic 
transducer elements, only those transducer elements corresponding to a predetermined location may be activated. 
Thus, by employing a biopsy needle support, such as that shown in FIG. 1 with an appropriate mechanism for aligning 
55 the support with the ultrasonic transducer elements of interest, the medical practitioner may perform a biopsy guided 
by ultrasonic images, just as for the embodiment described in FIGS. 1 -7. 

[0082] Referring now to FIG. 12, another alternative embodiment of the sonomammography apparatus of the present 
invention is described. Sonomammography apparatus 70 includes the basic elements of a mammography system as 
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described hereinabove, including upright vertical column 71. compression plate 72, diffraction grid 73, film holder 74 
and X-ray sensitiv film 75, and ultrasound transducer 76. In this embodiment, compressi n plate 72 need not be sono- 
lucent, since ultrasonic transducer 76 is positioned between the compression plate and the diffraction grid. Gel pad 77 
affixed to compression plate 72 ensures acoustic coupling of ultrasound transducer 76 to th biological tissue 102. 

s [0083] Unlike the gantry of the embodiment of FIGS. 1-7, ultrasound transducer 76 is mounted on a h rse-shoe- 
shaped gantry 78, so that the transducer follows a curved path as it translates along gantry 78. Ultrasound transducer 
76 moves in small angular increments, for example, 1 to 3 degrees, as it traverses the length of gantry 78. 
[0084] It will be recognized by one skilled in the art of ultrasonic transducer design that this third arrangement provides 
a greater depth for the acoustic energy to penetrate in comparison to embodiments described hereinabove. Conse- 

10 quently, it may be necessary to employ lower frequency transducers for this embodiment than would be used in the pre- 
viously described embodiments. For most superficial lesions, however, it is expected that a high frequency transducer 
would still provide satisfactory performance. 

[0085] Referring now to FIG. 13, ultrasound circuit 80 for imaging a patient's tissue is described. Circuit 80 includes 
ultrasonic transducer 81 , motor controller 82, microprocessor 83 run by system software 84, receiving circuit 85, trans- 
(5 mit/receive switch 86, drive circuit 87, analog to digital converter 88, system storage 89 and display 90. 

[0086] Transducer 81 is energized by drive circuit 87 to emit ultrasonic signals. Once the transducer has emitted 
acoustic energy for a suitable period, the transducer is switched to receiving mode. As transducer 81 responds to the 
echoes of the emitted signals, it generates electrical signals in receiving circuit 85. 

[0087] Receiving circuit 85 preferably has a wide dynamic range, for example, 1 00 dB, to enable high contrast reso- 
20 lution. Since the receiving circuit records the transmitted pulse as well as the returning echoes, the first T 0 microsec- 
onds corresponding to the time-of-f light from the transducer surface to the tissue are ignored. Receiving circuit 85 also 
includes an automatic gain amplifier that can be adjusted to compensate for the attenuation of the returning signal. The 
received signal is therefore amplified and processed by receiving circuit 85 before being fed to analog-to-digital con- 
verter circuit 88. Analog-to-digital converter translates the analog electrical echo signals into digital signals. These dig- 
25 itally encoded ultrasound images are in turn stored in system storage device 89. 

[0088] Microprocessor 83 monitors motor controller 82, which in turn controls the movement of the ultrasonic trans- 
ducer (for example, movement of gantry 17 and gantry support 18 in the embodiment of FIGS. 1-7) and continuously 
computes the position of transducer 81. The digitized data corresponding to the gantry location at each ultrasound 
image location is stored in system storage 89 together with the ultrasound image at that location. 
30 [0089] Alternatively, because the digitized data collected after each pulse is stored in system storage device 89 in a 
consecutive manner, and the propagation path for either electronic or mechanical steering can be predetermined, the 
orientation and position of transducer 81 may be directly correlated with the location of the digital data stored in system 
storage 89. 

[0090] It is known to use ultrasonic signals for the assessment of tissue vasculature by estimating the frequency or 
35 temporal shift due to blood flow through the imaged tissue. Such systems, which are based on the Doppler principle, 
are described in Baker. "Pulse Ultrasound Doppler Blood Flow Sensing", IEEE Transactions on Sonics and Ultrasonics, 
Vol. SU-17, No. 3 (1970). Data related to Mood flow may also therefore be acquired using ultrasound transducer 81, 
which data may be processed and stored in system storage 89 together with the echo data. 
(0091] In addition, because blood flow creates a speckle effect in the ultrasound image, it may be desirable to transmit 
40 several pulses at each imaging location and then use standard noise reduction techniques to average out the speckle 
effect caused by blood flow. Also, the variation in speckle due to the motion of the transducer enables several consec- 
utive acquisitions of the return echo to be averaged to reduce the speckle. Digital subtraction of the data received from 
a water path and most probably due to reverberations could also be subtracted from the digitized data to improve the 
ultrasound image. 

45 [0092] For an embodiment of the present invention such as that shown in FIGS. 9-11, microprocessor 83 may control 
the sequential operation of the individual ultrasonic transducer elements 63' of the two-dimensional ultrasonic trans- 
ducer 57. The location of the ultrasound images in storage system 89 may be used to correlate those images with spe- 
cific locations in the phased array, as described above. 

[0093] System software 84. which may reside in a conventional microprocessor based workstation, enables data 
so stored in storage device 89 to be manipulated so that holographic views may be generated and viewed from different 
angles. In addition, the software may enable viewing of a particular region of interest determined relative to the radio- 
opaque lines (not shown in FIGS. 1 or 9) provided on the compression plate or in accordance with the position of the 
pen of the digitizing tablet, as described above with respect to FIG. 8. Images are displayed on display device 90. 
[0094] Set-up and operation of the sonomammography apparatus of the present invention is straight forward, and can 
55 be accomplished by a single operator. The medical practitioner or operator positions the breast for mammographic 
studies in conventional fashion. Following (or before) the X-ray exposure, the ultrasound transducer is activated to 
image the breast tissue at discrete locations, with the ultrasound images being stored for review on the workstation. 
[0095] Since cross-sectional views of the entire breast are stored, the resulting data may be manipulated, either indi- 
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vidually or in conjunction with a digitized X-ray image, in accordance with the methods described hereinbelow. 
10096] The present invention may further be used in methods of obtaining and viewing ultrasound images and an X- 
ray image/geometrically registered ultrasound image of biological tissue. A first method of obtaining a ultrasound image 
and geometrically registered X-ray image comprises the steps of: 

(a) immobilizing the biological tissue with respect to a reference point; 

(b) exposing the biological tissue to X-rays to generate an X-ray film of the internal structure of the biological tissue; 

(c) without any intervening movement of the biological tissue with respect to the reference point, coupling an ultra- 
sonic transducer to the biological tissue to generate a plurality of the ultrasound images of the biological tissue; and 

(d) correlating the plurality of ultrasound images with predetermined locations on the X-ray film. 

[0097] It will of course be understood that steps (b) and (c) of exposing the tissue to X-ray radiation and conducting 
the ultrasound scanning may be readily interchanged as needed in a particular application. 

[0098] The methods in which the present invention may be used may also include the steps of processing, storing 
and manipulating ultrasound images to enhance the diagnostic capabilities of the stored images, using, for example, 
noise filtering or digital subtraction techniques. 

[0099] Referring to FIGS. 1 and 1 4. a first method of viewing the stored ultrasound image data acquired with the appa- 
ratus of the present invention is described. As shown in the uppermost portion of FIG. 14, an imaginary three dimen- 
sional coordinate system 120, consisting of X, Y, Z directions, can be imposed on the apparatus of FIG. 1 so that the X- 
Y plane coincides with the surface of lower compression plate 1 9, and the Z axis corresponds to elevation. In coordinate 
system 1 20, ultrasonic transducer 16 provides image "a" of the breast interior in the X-Z plane as it scans along upper 
compression plate 15 in directions C-D. As ultrasonic transducer 16 is moved in directions A-B, it generates additional 
frames in the X-Z plane, indicated in FIG. 14 as "b" and "c". 

[0100] Since cross-sectional views in the X-Z plane are stored for the entire breast, it is possible to sum each propa- 
gation line and obtain a two-dimensional projection map of the breast attenuation for use in breast cancer screening. In 
particular, in accordance with a first use of the object of the present invention, the data stored in each frame "a" through 
"c" shown in FIG. 14 may be summed in the Z direction to provide a single line in the X-Y plane, thus generating a two 
dimensional ultrasound image 1 21 . By projecting the ultrasound data in the X-Z plane into a single line in the X-Y plane 
to create image 1 21 . tissue abnormalities (indicated by x's in FIG. 14) can be displayed in the same format as digitized 
conventional mammogram 1 22 obtained with the X-ray portion of apparatus 10 as described hereinabove. 
[01 01 ] When an ultrasound image 1 2 1 as obtained above is then overlaid on a digitized X-ray image 1 22. applicants 
have observed that tissue abnormalities can be readily isolated and identified. In addition, applicants have observed 
that color coding ultrasound image 121 and X-ray image 122 speeds this identification process. 
[0102] In another use of the present invention, the cross-sectional views n a"-"c" may also be displayed as a three 
dimensional representation of a region of interest, for example, for use in analyzing Doppler or vasculature data. An 
alternative presentation of the data might consist of a loop of consecutive frames. 

[0103] Yet another method of viewing and analyzing data acquired with the apparatus of the present invention 
employs the principle that the acoustic backscattering of tissue is a function of density and compressibility. Applicants 
have determined that a non-linear relationship with respect to compression exists for malignant tissue. In particular, 
applicants have discovered that tissue abnormalities tend to be stiffer and less compressible than healthy tissue. These 
results suggest that tumor detection may be enhanced by compression of the breast tissue and the use of digital sub- 
traction techniques to isolate suspicious lesions. 

[0104] In accordance with this use of the present invention, the patient's tissue is first compressed using compression 
plate 15 and gel pad 23 with a first force F v Ultrasonic transducer 16 is then activated to generate a first scan of the 
tissue and the data is stored as described hereinabove. The force applied to the patient's tissue is then changed to a 
new level F 2 , which may be greater or less than F< , and a second ultrasound scan of the tissue is performed and stored. 
The resulting data for the two compression levels is digitally subtracted, and the results displayed in a three-dimensional 
or two-dimensional format as described above. Applicants have observed that, due to the lower compressibility of 
lesions relative to healthy tissue, the lesions are well-defined in the composite image. 

[0105] In accordance with yet another use of the present invention, the knowledge of the relative position of a tissue 
segment in both breasts allows the use of digital subtraction techniques using the digitized ultrasound images to isolate 
suspicious lesions. For example, the ultrasound image frames from similar planes in both breasts may be digitally sub- 
tracted and the difference in intensities summed. Based on a predetermined threshold, only images that are deemed to 
substantially different, using that test, are presented for review by the medical practitioner. 
[01 06] With respect to gel pad 23 of the first embodiment described hereinabove, the present invention may also be 
used in a method of enhancing X-ray images obtained by previously known X-ray equipment, comprising the steps of: 

(a) immobilizing the biological tissu with respect to a referenc point; 
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(b) providing a gel pad that conforms to the breast under study, the gel pad having an X-ray attenuation capability 
similar to that of human tissue; and 

(c) exposing the biological tissue to a single X-ray dosage to generate an X-ray film of the internal structure of the 
biological tissue that is substantially entirely properly exposed, even near the outer edges of the breast. 

Claims 

1 . Apparatus (10,50,70) for generating a plurality of ultrasound images of a biological tissue, in combination with an 
X-ray system (13,14,20, 53,54,58) that forms an image of the biological tissue in a receptor (22,59.75), the appa- 
ratus for generating said ultrasound images comprising an ultrasonic transducer (16,57,76) and a compression sur- 
face (15,56,72) against which the biological tissue is immobilized, the apparatus (10,50,70) characterized in that 
the ultrasonic transducer is adapted to (1 6,57.76) generate a plurality of ultrasound images of the biological tissue 
while the biological tissue remains immobilized against the compression surface (15.56,72), so that the plurality of 
ultrasound images may be geometrically registered with the image formed in the receptor (22,59,75). 

2. The combination of an apparatus for generating ultrasound images with an X-Ray system (10) as defined in claim 

1 wherein the compression surface is the lower surface of a compression plate (15) that is sonolucent and radiolu- 
cent, the compression plate (15) has an upper surface, and the ultrasonic transducer (16) is disposed adjacent the 
upper surface, the apparatus for generating ultrasound images further comprising drive means (25) for moving the 
ultrasonic transducer (16) across the upper surface. 

3. The combination of an apparatus for generating ultrasound images with an X-Ray system (1 0) as defined in claim 

2 wherein the compression plate (15) comprises a material selected from a group consisting of a polyimide, a 
sodium-based ionomer resin, and a polymethyl pentene. 

4. The combination of an apparatus for generating ultrasound images with an X-Ray system (1 0) as defined in claim 

3 wherein the material (95) has a periphery and the material (95) is coupled around the periphery to a rigid frame 
(96). 

5. The combination of an apparatus for generating ultrasound images with an X-Ray system (50) as defined in claim 
1 wherein the ultrasonic transducer (57) is disposed beneath the compression surface (56) and acoustically cou- 
pled thereto for transmitting acoustic energy to the biological tissue, the apparatus further comprising control cir- 
cuitry (83) for activating the ultrasonic transducer (57). 

6. The combination of an apparatus for generating ultrasound images with an X-Ray system (70) as defined in claim 
1 wherein the compression surface (72) is a first compression surface, the ultrasonic transducer (76) is disposed 
between the first (72) and a second compression surface (73) and the apparatus further includes drive means (78) 
for moving the ultrasonic transducer (76) through a predetermined path between the first and second compression 
surfaces (72,73). 

7. The combination of an apparatus for generating ultrasound images with an X- Ray system (1 0,50.70) as defined in 
any of the preceding claims further comprising a gel pad (23,77) for acoustically coupling a portion of the biological 
tissue to the ultrasonic transducer (16,57,76). 

8. The combination of an apparatus for generating ultrasound images with an X-Ray system (10,50) as defined in 
claim 7 wherein the gel pad (23) is disposed against the compression surface (55) for contacting the biological tis- 
sue, and comprises a material conforming to the shape of the biological tissue and has an X-ray attenuation char- 
acteristic near the X-ray attenuation characteristic of the biological tissue. 

9. The combination of an apparatus for generating ultrasound images with an X-Ray system (10,50) as defined in 
claim 8 wherein the X-ray system emits X-ray radiation and the gel pad (23) reduces scattering of the X-ray radia- 
tion relative to scattering of the X-ray radiation in air. 

1 0. The combination of an apparatus for generating ultrasound images with an X-Ray system (1 0,50) as defined in any 
of claims 6 to 9 wherein the compression surface (1 5,55) imposes a force on the biological tissue to compress the 
biological tissue to a uniform thickness, and the gel pad (23) conforms to the non-uniform shape of the biological 
tissue to distribute the force and reduce discomfort in the patient. 
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1 1 . The combination of an apparatus tor generating ultrasound imag s with an X-Ray system (1 0,50) as def ined in any 
of claims 6 to 10 wherein the gel pad (23) comprises an adherent surface that assists in positioning the biological 
tissue relative to the compression surface (55). 

12. Th combination f an apparatus f r generating ultrasound images with an X-Ray system (10) as defined in claim 
2 further comprising lubricating means (1 12) for providing a film of fluid between the ultrasonic transducer (16) and 
the compression plate (15) to lubricate and acoustically couple the ultrasonic transducer (16) and the compression 
plate (15). 

13. The combination of an apparatus for generating ultrasound images with an X-Ray system (10) as defined in claim 
2 wherein the drive means (25) further comprises: 

a gantry support (18): 

a gantry (1 7) movably engaged with the gantry support (18) for movement in the distal and proximal directions; 
a carriage (26) movably engaged with the gantry (1 7) for lateral movement. 

1 4. The combination of an apparatus for generating ultrasound images with an X-Ray system (1 0) as defined in claim 
13 wherein the drive means (25) further comprises: 

a first motorized cable arrangement (30) for driving the gantry (1 7) along the gantry support (18): 
a second motorized cable arrangement (27) for driving the carriage (26) along the gantry (17); and 
circuitry (82) for controlling operation of the first and second motorized cable arrangements (30,27). 

15. The combination of an apparatus for generating ultrasound images with an X-Ray system (10) as defined in claim 
2 further comprising: 

a biopsy instrument support (40); 

means (21) for aligning the biopsy instrument support with the ultrasonic transducer (16) so that a medical 
practitioner may perform a biopsy guided by the plurality of ultrasonic images. 

1 6. The combination of an apparatus for generating ultrasound images with an X-Ray system (50) as defined in claim 
5 wherein the ultrasonic transducer (57) comprises a multiplicity of piezoelectric transducer elements (63"). 

17. The combination of an apparatus for generating ultrasound images with an X-Ray system (50) as defined in claim 
16 wherein the control circuitry (83) further comprises circuitry for activating predetermined ones of the multiplicity 
of piezoelectric transducer elements to provide beam forming and elevational focussing of the acoustic energy. 

18. The combination of an apparatus for generating ultrasound images with an X-ray system (50) as defined in claim 
1 6 wherein the control circuitry (83) comprises circuitry for activating a predetermined plurality of the multiplicity of 
piezoelectric elements (63") to generate an ultrasonic image at a predetermined location, the apparatus further 
comprising: 

a biopsy instrument support (40); 

means (21) for aligning the biopsy instrument support with the predetermined plurality of piezoelectric ele- 
ments so that a medical practitioner may perform a predetermined location. 

1 9. The combination of an apparatus for generating ultrasound images with an X-Ray system (70) as defined in claim 
7 wherein the gel pad (77) is disposed between the first and second compression surfaces (72.73) and adapted to 
contact the biological tissue, and the gel pad (77) comprises a material that is adapted to conform to the shape of 
the biological tissue and has an X-ray attenuation characteristic near the X-ray attenuation characteristic of the bio- 
logical tissue, the gel pad (77) reducing scattering of the X-ray radiation relative to scattering of the X-ray radiation 
in air. 

20. The combination of an apparatus for generating ultrasound images with an X-Ray system (70) as defined in claim 
7 wherein the first and second compression surfaces (72,73) are adapted to impose a force on the biological tissue, 
and the gel pad (77) is adapted to conform to the non-uniform shape of the biological tissue to distribute the force 
and reduce discomfort in the patient. 
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21 . The combination of an apparatus for generating ultrasound images with an X-Ray system (70) as defined in claim 
7 wherein the gel pad (77) comprises an adherent surface that assists in positioning the biological tissue between 
the f irst and second compression surfaces (72,73). 

22. Th combination of an apparatus for generating ultrasound images with an X-Ray system as defined in any of 
claims 1 to 21 comprising 

a storage medium for storing the plurality of ultrasound images and for retrieving any one of the plurality of 
ultrasound images from the storage medium corresponding to a predetermined location on the X-ray image. 

23. The combination of an apparatus for generating ultrasound images with an X-Ray system as defined in any of 
claims 1 to 21 comprising 

means for repeatedly generating and displaying a plurality of ultrasound images on a b'mewise basis at a loca- 
tion within the biological tissue; and means for processing the plurality of ultrasound images at the location to 
provide an indicator corresponding to blood flow at that location. 

24. The combination of an apparatus for generating ultrasound images with an X-Ray system as defined in any of 
claims 1 to 21 comprising 

means for generating a plurality of Doppler signals for the biological tissue by acoustically coupling the ultra- 
sonic transducer (1 6) to the biological tissue, without intervening movement of the biological tissue with respect 
to the reference point; and means for displaying an indicator corresponding to the plurality of Doppler signals 
for a predetermined location on the X-ray image. 

25. The combination of an apparatus for generating ultrasound image with an X-Ray system as defined in any of claims 
1 to 21 comprising a storage medium for storing the plurality of ultrasound images; and means for displaying 
selected ones of the plurality of ultrasound images to provide a holographic view of the interior features of the bio- 
logical tissue. 

26. The combination of an apparatus for generating ultrasound image with an X-Ray system as defined in any of claims 
1 to 24 wherein the ultrasonic transducer ( 1 6) has a surface in a n X-Y plane and each one of the ultrasound images 
comprises a multiplicity of digitally encoded data values obtained at a multiplicity of planes along a Z axis orthogo- 
nal to the X-Y plane, wherein means are provided for summing the multiplicity of digitally encoded data values 
along the Z axis to generate a projection of the plurality of ultrasound images into the X-Y plane; and wherein 
means are provided for displaying said projection. 

27. The combination of an apparatus for generating ultrasound image with an X-Ray system as defined in claim 26 
comprising 

means for comparing the X-ray image to the projection to isolate selected ones of the interior features of the 
biological tissue; and means for color coding the X-ray image and the projection. 

28. The combination of an apparatus for generating ultrasound image with an X-Ray system as defined in claim 26 
comprising means for color coding the plural/ties of digitally encoded ultrasound images. 

Patentanspruche 

1 . Vorrichtung (10, 50, 70) zum Erzeugen mehrerer Ultraschallbilder eines biologischen Gewebes in Kombination mit 
einem R6ntgensystem (13, 14, 20, 53, 54, 58), das ein Bild des biologischen Gewebes in einem Rezeptor (22, 59. 
75) erzeugt, wobei die Vorrichtung zum Erzeugen der Ultraschallbilder einen Ultraschallwandler (16, 57, 76) und 
eine Druckf lache (15, 56, 72) aufweist, an der das biologische Gewebe immobilisiert ist, und die Vorrichtung (1 0, 
50, 70) dadurch gekennzeichnet ist, daBder Ultraschallwandler (16, 57, 76) geeignet ist, mehrere Ultraschallbilder 
des biologischen Gewebes zu erzeugen, wahrend das biologische Gewebe an der Druckflache (15, 56, 72) immo- 
bilisiert bleibt, so daB die mehreren Ultraschallbilder mitdem im Rezeptor (22, 59, 75) erzeugten Bild geometrisch 
deckungsgleich sein kOnnen. 

2. Kombination (10) einer Vorrichtung zum Erzeugen von Ultraschallbifcfern mit einem ROntgensystem nach Anspruch 



14 



EP0 730 431 B1 



1 , wob i die Druckflache die Unterseite einer Druckplatte (15) ist, die schalldurchiassig und strahlendurchlassig ist. 
die Druckplatte (15) eirte Oberseite hat und der Uttraschallwandler (16) benachbart zur Oberseite angeordnet ist. 
wob i die Vorrichtung zum Erzeugen von Ultraschallbiidern eine Antriebseinrichtung (25) zum Bewegen des Ultra- 
schallwandlers (16) uber die Oberseite aufweist. 

3. Kombination ( 1 0) einer Vorrichtung zum Erzeugen von Ultraschallbiidern mit einem ROntgensystem nach Anspruch 

2, wobei die Druckplatte (15) ein Material aufweist, das aus einer Gruppe ausgewahlt ist, die aus einem Polyimid, 
einem lonomerharz auf Natriumbasis und einem Polymethylpenten besteht. 

4. Kombination (10) einer Vorrichtung zum Erzeugen von Ultraschallbiidern mit einem ROntgensystem nach Anspruch 

3, wobei das Material (95) einen Umfang hat und das Material (95) urn den Umfang mit einem steifen Rahman (96) 
gekoppelt ist. 

5. Kombination (50) einer Vorrichtung zum Erzeugen von Ultraschallbiidern mit einem ROntgensystem nach Anspruch 
1 , wobei der Ultraschallwandler (57) unter der Druckf lache (56) angeordnet und mit ihr zum Ubertragen von Schall- 
energie zum biologischen Gewebe akustisch gekoppelt ist, wobei die Vorrichtung ferner einen Steuerschaltungs- 
aufbau (83) zum Aktivieren des Ultraschallwandlers (57) aufweist. 

6. Kombination (70) einer Vorrichtung zum Erzeugen von Ultraschallbiidern mit einem ROntgensystem nach Anspruch 

1 , wobei die Druckflache (72) eine erste Druckflache ist, der Ultraschallwandler (76) zwischen der ersten (72) und 
einer zwerten Druckflache (73) angeordnet ist und die Vorrichtung ferner eine Antriebseinrichtung (78) zum Bewe- 
gen des Ultraschallwandlers (76) auf einem vorbestimmten Weg zwischen der ersten und zweiten Druckflache (72, 
73) aufweist. 

7. Kombination (10, 50. 70) einer Vorrichtung zum Erzeugen von Ultraschallbiidern mit einem ROntgensystem nach 
einem der vorstehenden AnsprOche mit einem Gelkissen (23, 77) zum akustischen Koppeln eines Abschnitts des 
biologischen Gewebes m'rt dem Ultraschallwandler (16, 57, 76). 

8. Kombination (10. 50) einer Vorrichtung zum Erzeugen von Ultraschallbiidern mit einem ROntgensystem nach 
Anspruch 7, wobei das Gelkissen (23) an der Druckflache (55) zum Beruhren des biologischen Gewebes angeord- 
net ist und ein sich der Form des biologischen Gewebes anpassendes Material aufweist sowie eine ROntgendamp- 
fungscharakteristik nahe der ROntgendampfungscharakteristik des biologischen Gewebes hat. 

9. Kombination (10, 50) einer Vorrichtung zum Erzeugen von Ultraschallbiidern mit einem ROntgensystem nach 
Anspruch 8. wobei das ROntgensystem ROntgenstrahlung abstrahlt und das Gelkissen (23) Streuung der ROntgen- 
strahlung relativ zu Streuung der ROntgenstrahlung in Lxrft reduziert. 

10. Kombination (10. 50) einer Vorrichtung zum Erzeugen von Ultraschallbiidern mit einem ROntgensystem nach 
einem der AnsprOche 6 bis 9. wobei die Druckflache (15. 55) eine Kraft auf das biologische Gewebe ausubt, urn 
das biologische Gewebe auf eine gleichmaGige Dfeke zusammenzudrOcken, und sich das Gelkissen (23) der 
ungleichmaffigen Form des biologischen Gewebes anpaSt, urn die Kraft zu verteilen und Beschwerden fQr den 
Patienten zu verringern. 

11. Kombination (10, 50) einer Vorrichtung zum Erzeugen von Ultraschallbiidern mit einem ROntgensystem nach 
einem der AnsprOche 6 bis 10, wobei das Gelkissen (23) eine Haftf lache aufweist, die beim Positionieren des bio- 
logischen Gewebes relativ zur Druckflache (55) hilft, 

12. Kombination (10) einer Vorrichtung zum Erzeugen von Ultraschallbiidern mit einem ROntgensystem nach Anspruch 

2, ferner mit einer Schmiereinrichtung (112) zum Bereitstellen eines Fluidfilms zwischen dem Ultraschallwandler 
(16) und der Druckplatte (1 5), urn den Ultraschallwandler (1 6) und die Druckplatte (1 5) zu schmieren und akustisch 
zu koppeln. 

1 3. Kombination (10) einer Vorrichtung zum Erzeugen von Ultraschallbiidern mit einem ROntgensystem nach Anspruch 
2, wobei die Antriebseinrichtung (25) ferner aufweist: eine PortalstOtze (18), 

ein Portal (17), das mit der PortalstOtze (1 8) zur Bewegung in die distale und proximale Richtung beweglich im 
Eingriff stent; 

ein n Schlftten (26), der mit dem Portal (1 7) zur seitJichen Bewegung beweglich im Eingriff stent. 
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14. Kombination (10) einer Vorrichtung zum Erzeugen von Ultraschallbildern mit einem Rontgensystem nach Anspruch 
13, wobei die Antriebseinrichtung (25) ferner aufweist: 

eine erste motorisierte Kabelanordnung (30) zum Antreiben des Portals (17) ISngs der PortalstOtze (18); 
eine zweite motorisierte Kabelanordnung (27) zum Antreiben des Schlittens (26) langs des Portals (17) ; und 
einen Schaltungsaufbau (82) zum Steuern des Betriebsder ersten und zweiten motorisierten Kabelanordnung 
(30. 27). 

15. Kombination (10) einer Vorrichtung zum Erzeugen von Ultraschallbildern mit einem Rontgensystem nach Anspruch 
2, ferner mit: 

einer Biopsie-lnstrumentenstQtze (40); 

einer Einrichtung (21) zum Ausrichten der Biopsie-lnstrumentenstulzezum Ultraschallwandler(16), so daB ein 
Mediziner eine durch die mehreren Ultraschallbilder gefuhrte Biopsie durchfOhren kann. 

16. Kombination (50) einer Vorrichtung zum Erzeugen von Ultraschallbildern mit einem Rontgensystem nach Anspruch 
5. wobei der Ultraschallwandler (57) mehrere piezoelektrische Wandlerelemente (63) aufweist. 

1 7. Kombination (50) einer Vorrichtung zum Erzeugen von Ultraschallbildern mit einem Rontgensystem nach Anspruch 
16. wobei der Steuerschaltungsaufbau (83) ferner einen Schaltungsaufbau zum Aktlvieren vorbestimmter der meh- 
reren piezoelektrischen Wandlerelemente (630 aufweist, urn Strahlformung und HfJherrfokussierung der Schallen- 
ergie vorzusehen. 

18. Kombination (50) einer Vorrichtung zum Erzeugen von Ultraschallbildern mit einem Rontgensystem nach Anspruch 
16, wobei der Steuerschaltungsaufbau (83) einen Schaltungsaufbau zum Aktwieren mehrerer vorbestimmter der 
mehreren piezoelektrischen Elemente (63") aufweist, urn ein Ultraschallbild an einer vorbestimmten Stelle zu 
erzeugen, wobei die Vorrichtung ferner aufweist: 

eine Biopsie- Instrumentenstutze (40); 

eine Einrichtung (21) zur Ausrichten der Biopsie-lnstrumentenstutze zu den mehreren vorbestimmten piezo- 
elektrischen Elementen, so da8 ein Mediziner eine durch das Ultraschallbild gefuhrte Biopsie an der vorbe- 
stimmten Stelle durchfOhren kann. 

19. Kombination (70) einer Vorrichtung zum Erzeugen von Ultraschallbildern mit einem Rontgensystem nach Anspruch 
7, wobei das Gelkissen (77) zwischen der ersten und zweiten Druckfiache (72, 73) angeordnet und geeignet ist, 
das biologische Gewebe zu berQhren, und das Gelkissen (77) ein Material aufweist, das geeignet ist, sich der Form 
des biclogischen Gewebes anzupassen, und eine Rdntgendampfungscharakteristik nahe der ROrrtgendampfungs- 
charakteristik des biologischen Gewebes hat, wobei das GelWssen (77) Streuung der ROntgenstrahlung relativ zu 
Streuung der ROntgenstrahlung in Luft reduziert. 

20. Kombination (70) einer Vorrichtung zum Erzeugen von Ultraschallbildern mit einem Rontgensystem nach Anspruch 
7, wobei die erste und zweite Druckfiache (72, 73) geeignet sind, eine Kraft auf das biologische Gewebe auszu- 
uben, und das Gelkissen (77) geeignet ist, sich der ungleichmaBigen Form des biologischen Gewebes anzupas- 
sen, urn die Kraft zu verteilen und Beschwerden fiir den Patienten zu verringern. 

21 . Kombination (70) einer Vorrichtung zum Erzeugen von Ultraschallbildern mit einem Rontgensystem nach Anspruch 
7, wobei das GelWssen (77) eine Haftf lache aufweist, die beim Positionieren des biologischen Gewebes zwischen 
der ersten und zweiten Druckfiache (72. 73) hilft. 

22. Kombination einer Vorrichtung zum Erzeugen von Ultraschallbildern mit einem Rontgensystem nach einem der 
Anspruche 1 bis 21 mit: einem Speichermedium zum Speichern der mehreren Ultraschallbilder und zum Abrufen 
eines beliebigen der mehreren Ultraschallbilder aus dem Speichermedium, das einer vorbestimmten Stelle auf 
dem ROntgenbild entspricht. 

23. Kombination einer Vorrichtung zum Erzeugen von Ultraschallbildern mit einem Rontgensystem nach einem der 
AnsprQche 1 bis 21 mit: einer Einrichtung zumwiederholten Erzeugen und Anzeigen mehrerer Ultraschallbilder auf 
Zeitbasis an einer Stelle innerhalb des biologischen Gewebes; und einer Einrichtung zum Verarbeiten der mehre- 
ren Ultraschallbilder an der Stelle. urn eine Anzeige bereitzustellen, die BlutfluB an der Stelle entspricht. 
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24. Kombination iner Vorrichtung 2um Erzeugen von Ultraschallbildern mit einem RCntgensystem nach einem der 
Anspr0che1bis21 mit: 



einer Einrichtung zum Erzeugen mehrerer Doppter-Signale fur das biologische Gewebe durch akustisches 
Koppe'n des Ultraschallwandlers (16) mit dem biologischen Gewebe ohne auftret nde Bewegung des biologi- 
schen Gewebes gegenOber einem Referenzpunkt; und 

einer Einrichtung zum Anzeigen einer Anzeige, die den mehreren Doppler-Signalen fQr eine vorbestimmte 
Stelle auf dem Rfintgenbild entspricht. 

25. Kombination einer Vorrichtung zum Erzeugen von Ultraschallbildern mit einem RCntgensystem nach einem der 
Anspruche1bis21 mit: 

einem Speichermedium zum Speichern der mehreren Uftraschallbilder; und 

einer Einrichtung zum Anzeigen ausgewahiter der mehreren Ultraschallbilder, urn eine holographische Ansicht 
der Innenmerkmale des biologischen Gewebes bereitzustellen. 

26. Kombination einer Vorrichtung zum Erzeugen von Ultraschallbildern mit einem Rontgensystem nach einem der 
AnsprQchel bis 24. 

wobei der Ultraschallwandler (1 6) eine Oberf lache in einer X-Y-Ebene hat und jedes der Ultraschallbilder meh- 
rere digital codierte Datenwerte aufweist, die an mehreren Ebenen langs einer 2-Achse erhalten wenden, die 
orthogonal zur X-Y-Ebene ist. 

wobei eine Einrichtung zum Summieren der mehreren digital codierten Datenwerte langs der Z-Achse vorge- 
sehen ist, urn eine Projektion der mehreren Ultraschallbilder in die X-Y-Ebene zu erzeugen, und 
wobei eine Einrichtung zum Anzeigen der Projektion vorgesehen ist. 

27. Kombination einer Vorrichtung zum Erzeugen von UHraschallbildem mit einem Rdntgensystem nach Anspruch 26 

mit: 

einer Einrichtung zum Vergleichen des Rorrtgenbilds mit der Projektion, um ausgewahlte der Innenmerkmale 
des biologischen Gewebes zu isolieren; und 

einer Einrichtung zum Farbcodieren des Rorrtgenbilds und der Projektion. 

28. Kombination einer Vorrichtung zum Erzeugen von Ultraschallbildern mit einem Rdntgensystem nach Anspruch 26 
mit einer Einrichtung zum Farbcodieren der mehreren digital codierten Ultraschallbilder. 

Ftevendications 

1. Appareil (10, 50, 70) pour engendrer une pluralite d'images ultrasoniques d'un tissu biologique, en combinaison 
avec un systeme a rayons X (13. 14, 20, 53, 54, 58) qui forme une image du tissu biologique dans un recepteur 
(22, 59. 75), I'appareil pour engendrer lesdites images ultrasoniques comprenant un transducteur a uHrasons (16, 
57, 76) et une surface de compression (1 5, 56, 72) contre laquelle le tissu biologique est immobilise, I'appareil (10, 
50. 70) etant caracterise en ce que le transducteur a ultrasons (1 6, 57. 76) est adapte pour engendrer une pluralite 
d'images ultrasoniques du tissu biologique pendant que le tissu biologique reste immobilise contre la surface de 
compression (15. 56, 72), de sorte que I'on puisse taire coi'ncider geometriquement la pluralite d'images ultrasoni- 
ques avec IHrnage formee dans le recepteur (22, 59, 75). 

2. Combinaison d'un appareil pour engendrer des images ultrasoniques avec un systeme a rayons X (10) tel que 
def ini dans la revendication 1 , dans laquelle la surface de compression est la surface inferieure d'une plaque de 
compression (15) qui est acoustiquement transparente et transparente aux rayons X, la plaque de compression 
(15) a une surface superieure, et le transducteur a ultrasons (16) est dispose de facon adjacerrte a la surface sup6- 
rieure, I'appareil pour engendrer des images ultrasoniques comprenant en outre des moyens d'entratnement (25) 
pour deplacer le transducteur a ultrasons (16) en travers de la surface superieure. 

3. Combinaison d'un appareil pour engendrer des images ultrasoniques avec un systeme a rayons X (10) tel que 
defini dans la revendication 2, dans laquelle la plaque de compression (15) comprend un materiau selectionne 
dans un groupe compose d'un polyimide, d'une resin d'ionomer abased sodium, et d'un polymethyl pentene. 
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4. Combinaison d'un appareil pour engendrer des images uHrasoniques avec un systeme a rayons X (10) tel que 
defini dans la revendication 3, dans laquelle le materiau (95) a une peripheric et le materiau (95) est couple autour 
delaperipheri a un cadre rigide (96). 

5 5. Combinaison d'un appareil pour engendrer des images ultrasoniques avec un systeme a rayons X (50) tel que 
defini dans la revendication 1 , dans laquelle le transducteur a ultrasons (57) est dispose au-dessous de la surface 
de compression (56) et couple acoustiquement a celle-ci pour transmettre de I'energie acoustique au tissu biologi- 
que, I'appareil comprenant en outre des circuits de commande (83) pour activer le transducteur a ultrasons (57). 

10 6. Combinaison d'un appareil pour engendrer des images ultrasoniques avec un systeme a rayons X (70) tel que 
defini dans la revendication 1 , dans laquelle la surface de compression (72) est une premiere surface de compres- 
sion, le transducteur a ultrasons (76) est dispose entre la premiere (72) et une seconde surface de compression 
(73) et I'appareil comprend en outre des moyens d'entraTnement (78) pour dSplacer le transducteur a ultrasons (76) 
sur un chemin predetermine entre les premiere et seconde surfaces de compression (22, 73). 

1S 

7. Combinaison d'un appareil pour engendrer des images ultrasoniques avec un systeme a rayons X (1 0, 50, 70) tel 
que defini dans I'une quelconque des revendications precedentes. comprenant en outre un tampon de gel (23, 77) 
pour coupler acoustiquement une partie du tissu biologique au transducteur a ultrasons (16, 57. 76). 

20 8. Combinaison d'un appareil pour engendrer des images ultrasoniques avec un systeme a rayons X (10. 50) tel que 
defini dans la revendication 7. dans laquelle le tampon de gel (23) est dispose contre la surface de compression 
(55) pour etre en contact avec le tissu biologique, et comprend un materiau se conformant a la forme du tissu bio- 
logique et a une caracteristique d'attenuation des rayons X proche de la caracteristique d'attenuation des rayons X 
du tissu biologique. 

25 

9. Combinaison d'un appareil pour engendrer des images ultrasoniques avec un systeme a rayons X (10. 50) tel que 
defini dans la revendication 8. dans laquelle le systeme a rayons X emet un rayonnement X et le tampon de gel 
(23) reduit la diffusion du rayonnement X par rapport a la diffusion du rayonnement X dans l air. 

30 10. Combinaison d'un appareil pour engendrer des images ultrasoniques avec un systeme a rayons X (10. 50) tel que 
defini dans I'une quelconque des revendications 6 a 9, dans laquelle la surface de compression (15, 55) impose 
une force au tissu biologique pour comprimer le tissu biologique jusqu'a une epaisseur uniforme, et le tampon de 
gel (23) se conforme a la forme non uniforme du tissu biologique pour repartir la force et reduire Hnconfort du 
patient. 

35 

1 1 . Combinaison d'un appareil pour engendrer des images ultrasoniques avec un systeme a rayons X (10, 50) tel que 
defini dans I'une quelconque des revendications 6 a 1 0, dans laquelle le tampon de gel (23) comprend une surface 
adherente qui facilite le positionnement du tissu biologique par rapport a la surface de compression (55). 

40 12. Combinaison d'un appareil pour engendrer des images ultrasoniques avec un systeme a rayons X (10) tel que 
defini dans la revendication 2, comprenant en outre des moyens lubrif iants (112) pour fournir un film de f luide entre 
le transducteur a ultrasons (16) et la plaque de compression (15) afin de lubrifier et de coupler acoustiquement le 
transducteur a ultrasons (16) et la plaque de compression (15). 

45 13. Combinaison d un appareil pour engendrer des images ultrasoniques avec un systeme a rayons X (10) tel que 
defini dans la revendication 2, dans laquelle les moyens d'entrainement (25) comprennent en outre : 

un support de portique (18) ; 

un portique (1 7) en contact avec le support de portique (18), de facon a pouvoir se deplacer, pour un deplace- 
50 ment dans les directions distale et proximale ; 

un chariot (26) en contact avec le portique (17), de facon a pouvoir se deplacer, pour un deplacement lateral. 

14. Combinaison d'un appareil pour engendrer des images ultrasoniques avec un systeme a rayons X (10) tel que 
defini dans la revendication 13, dans laquelle les moyens d'entraTnement (25) comprennent en outre : 

55 

un premier agencementde cable motorise (30) pour entratner le portique (17) le long du support de portique 
(18); 

un second agencement de cable motorise (27) pour entrainer le chariot (26) le long du portique (17) ; et 
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des circuits (82) pour commander le fonctionnement des premier et second agencements d cable motorises 
(30, 27). 

15. Combinaison d'un appareil pour engendrer des images ultrasoniques avec un systeme a rayons X (10) tel que 
defini dans la revendication 2, comprenant en outre : 

un support d'instrument de biopsie (40) ; 

des moyens (21 ) pour aligner le support d'instrument de biopsie avec le transducteur a ultrasons (1 6) de sorte 
qu'un medecin puisse executor una biopsie en etant guide par la pluralite d'images ultrasoniques. 

16. Combinaison d'un appareil pour engendrer des images ultrasoniques avec un systeme a rayons X (50) tel que 
defini dans la revendication 5, dans laquelle le transducteur a ultrasons (57) comprend une multiplicity d'elements 
de transducteur piezoelectriques (63 1 ). 

17. Combinaison d'un appareil pour engendrer des images ultrasoniques avec un systeme a rayons X (50) tel que 
defini dans la revendication 16, dans laquelle les circuits de commande (83) comprennent en outre des circuits 
pour activer des elements predetermines de la multiplicity d'elements de transducteur piezoelectriques (63') afin 
d'obtenir une formation de faisceau et une focalisation en elevation de I'energie acoustique. 

18. Combinaison d un appareil pour engendrer des images ultrasoniques avec un systeme a rayons X (50) tel que 
defini dans la revendication 16, dans laquelle les circuits de commande (83) comprennent des circuits pour activer 
une pluralite predeterminee de la multiplicite d'elements piezoelectriques IfiS") afin d'engendrer une image ultraso- 
nique a un emplacement predetermine. I'appareil comprenant en outre : 

un support d'instrument de biopsie (40) ; 

des moyens (21) pour aligner le support d'instrument de biopsie avec la pluralite predeterminee d'elements 
piezoelectriques de sorte qu'un medecin puisse executer une biopsie en etant guide par I'image ultrasonique 
a I'emplacement predetermine. 

19. Combinaison d un appareil pour engendrer des images ultrasoniques avec un systeme a rayons X (70) tel que 
defini dans la revendication 7, dans laquelle le tampon de gel (77) est dispose entre les premiere et seconde sur- 
faces de compression (72, 73) et adapte pour etre en contact avec le tissu biologique, et le tampon de gel (77) com- 
prend un materiau qui est adapte pour se conformer a la forme du tissu biologique et a une caracteristique 
d'attenuation des rayons X proche de la caracteristique d'attenuation des rayons X du tissu biologique, le tampon 
de gel (77) reduisant la diffusion du rayomement X par rapport a la diffusion du rayonnement X dans I'air. 

20. Combinaison d'un appareil pour engendrer des images ultrasoniques avec un systeme a rayons X (70) tel que 
defini dans la revendication 7, dans laquelle les premiere et seconde surfaces de compression (72, 73) sort adap- 
tees pour imposer une force au tissu biologique, et le tampon de gel (77) est adapte pour se conformer a la forme 
non uniforme du tissu biologique afin de repartir la force et de reduire I'inconfort du patient. 

21. Combinaison d'un appareil pour engendrer des images ultrasoniques avec un systeme a rayons X (70) tel que 
defini dans la revendication 7, dans laquelle le tampon de gel (77) comprend une surface adherente qui facilite le 
positionnement du tissu biologique entre les premiere et seconde surfaces de compression (72, 73). 

22. Combinaison d'un appareil pour engendrer des images ultrasoniques avec un systeme a rayons X tel que defini 
dans I'unequelconquedesrevendications 1 a 21, comprenant 

un support de stockage pour stocker la pluralite d'images ultrasoniques et pour extraire n'importe laquelle de 
la pluralite d'images ultrasoniques du support de stockage correspondant a un emplacement predetermine sur 
I'image de rayons X. 

23. Combinaison d'un appareil pour engendrer des images ultrasoniques avec un systeme a rayons X tel que defini 
dans I'une quelconque des revendications 1 a 21. comprenant 

des moyens pour engendrer et afficher de facon repetee une pluralite d'images ultrasoniques sur une base de 
temps a un mplacement a I'interieur du tissu biologique ; et des moyens pour traiter la pluralite d'images ultra- 
soniques a I'emplacement pour obtenir un indicateur correspondant a la circulation du sang a cet emplace- 
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24. Combinaison dun appareil pour engendrer des images ultras niques avec un systems a rayons X tel que defini 
dans I'une quelconque des revendications 1 a 21, comprenant 

des moyens pour engendrer une pluralite de signaux Doppler pour le tissu biologique en couplant acoustique- 
merrt letransducteur a ultrasons (16) au tissu biologique, sans faire intervenir un deplacement du tissu biolo- 
gique par rapport au point de reference ; et des moyens pour aff icher un indicateur correspondant a la pluralite 
de signaux Doppler pour un emplacement predetermine sur llmage de rayons X. 

25. Combinaison d'un appareil pour engendrer des images ultrasoniques avec un systeme a rayons X tel que def ini 
dans I'une quelconque des revendications 1 a 21 , comprenant un support de stockage pour stocker la pluralite 
d'images ultrasoniques ; et des moyens pour atficher des images selectionnees de la pluralite d'images ultrasoni- 
ques af in d'obtenir une vue holographique des caracteristiques interieures du tissu biologique. 

26. Combinaison d'un appareil pour engendrer des images ultrasoniques avec un systeme a rayons X tel que defini 
dans I'une quelconque des revendications 1 a 24, dans laquelle le transducteur a ultrasons (16) a une surface dans 
un plan X-Y et chacune des images ultrasoniques comprend une multiplicity de valeurs de donnees codees de 
facon numerique obtenues au niveau d'une multiplicite de plans le long d'un axe Z orthogonal au plan X-Y dans 
laquelle des moyens sont prevus pour la multiplied de valeurs de donnees codees de facon numerique le long de 
I'axe Z pour engendrer une projection de la pluralite d'images ultrasoniques dans le plan X-Y ; et dans laquelle des 
moyens sont prevus pour afficher ladite projection. 

27. Combinaison d'un appareil pour engendrer des images ultrasoniques avec un systeme a rayons X tel que defini 
dans la revendication 26, comprenant 

des moyens pour comparer I'image de rayons X a la projection afin d'isoler des caracteristiques selectionnees 
des caracteristiques interieures du tissu biologique ; et des moyens pour coder en couleurs I'image de rayons 
X et la projection. 

28. Combinaison d'un appareil pour engendrer des images ultrasoniques avec un systeme a rayons X tel que defini 
dans la revendication 26. comprenant des moyens pour coder en couleurs les pluralites d'images ultrasoniques 
codees de facon numerique. 1 
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